The glycopeptide antibiotic complex A409261,2) is the natural precursor of the semi-synthetic derivative dalbavancin, which is currently under clinical development
at Vicuron Pharmaceuticals. Dalbavancin shows excellent activity against staphylococci, streptococci and enterococci including some VanB isolates and has interesting pharmacokinetic characteristics3). A40926 core peptide possesses the typical heptapeptide structure of the D-alanyl-D-alanine binding glycopeptides of the teichomycin subgroup and it is characterized by a N-acylaminoglucuronic acid and a mannose moiety bound to the amino acids number 4 and 7 respectively (Figure 1 ). Several structural analogues have been identified as components of the A40926 complex4,5). The two major components of the complex, named BO (formerly B) and B 1, are characterized respectively by an iso-C12:0 and a n-C12:0 acyl moiety bound to the aminoglucuronic acid of the antibiotic ( Figure  1 ). B0 and B1 are typically the most abundant components of the A40926 complex. A40926 is produced by fermentations of the actinomycete Nonomuraea sp. ATCC 39727 (formerly Actinomadura sp. ATCC 39727)4,6). The addition of valine as potential precursor of the branched acyl chain of the B0-A40926 factor was investigated. The importance of this amino acid as branched chain fatty acid primer was evidenced in the biosynthesis of several antibiotics7-9). In particular, the effect of valine on complex composition and antibiotic production was evidenced for teichomycin glycopeptide, which is closely related to A4092610). The influence of valine on A40926 production was first evaluated in a chemically defined growth medium. The positive effect observed in minimal medium was also observed in a rich medium, potentially suitable for industrial fermentation11,12).
Materials and Methods
Strains The catabolism of branched chain amino acids in actinomycetes proceeds via intermediates that are precursors to a wide range of antibiotics14). Typically, valine dehydrogenase (VDH) is responsible for the oxidative deamination of all the branched chain amino acids. The second enzyme in the branched chain amino acid Table  1 . Influence of valine on growth in minimal P150 medium.
aGrowth rate was determined during the exponential growth phase bHarvesting was performed at the maximum level of biomass production (96-120 hours). product of VDH action on valine) into iso-butyrate14) which is the starting molecule in the polymerisation process leading to even-carbon iso-acids15). To assess the influence of valine on A40926 production by Nonomuraea sp. ATCC 39727, we have performed fermentations in minimal P150 medium. The results suggest that valine exerts a positive effect both on growth and on production of the A40926 complex component, which has the even carbon iso-acid consistent with a valine-derived precursor. In fact, the addition of valine to medium P150 gave a consistent improvement in growth rate and DCW at harvesting (Table   1) . Moreover, addition of valine increased both the relative and absolute production of the B0 component (characterized by an iso-C 12:0 moiety) in the A40926 complex and indeed decreased the B1 factor (characterized by an n-C 12:0 moiety) (Figure 2A ). The relative amount of the two components was changed progressively from 1:2 ratio in the absence of valine (the control) up to the Lines show maximum A40926 production in medium P150 (A) and T/2 (B) following the addition of increasing valine concentrations. Major A40926 species B0 and B1 are reported as bars in the corresponding experimental condition. The value of+/-1 standard deviation is indicated in graph. maximum of 9:1 when 1.5-3g/litre valine were added.
The maximum in total A40926 production (146% increase, in respect to the control) was reached when valine was added at 0.75g/litre (Figure 2A ). Higher concentrations of valine gradually decreased total A40926 production to the control values (14mg/litre).
GUNNARSON et al.13) observed in fermentations of Nonomuraea sp. ATCC39727, that high initial ammonium concentrations resulted in impaired growth and decreased A40926 production, while ammonium limitation caused a stop in the antibiotic production. Thus, the positive effect observed on growth may be due to the presence of valine as a slow release nitrogen source. In the valine concentration range 0.75g/litre-3g/litre, growth was not impaired but A40926 production decreased with the maximum achieved with valine 0.75g/litre. Production was repressed at high valine concentrations, possibly because of excess nitrogen deriving by deamination. A similar effect was observed in spiramycin production by Streptomyces ambofaciens (A23). In this case valine induced VDH and antibiotic production whereas ammonium suppressed VDH activity and antibiotic formation16-18).
The valine effect in increasing component B0 yields is consistent with its conversion into iso-butyric acid (the precursor of branched even carbon fatty acids). This precursor may theoretically be used for the direct biosynthesis of iso-dodecanoic acid, and therefore of component B0. However, DNA sequencing of the A40926 biosynthetic cluster did not evidence genes devoted to fatty acid synthesis20). In addition, it has been demonstrated that in the teichomycin complex, closely related to the A40926 complex, the acyl chains of the components are not synthesised directly, but derive from the shortening fatty acids or of exogenous C18 acids fed in the fermentation medium10,19). Accordingly, valine may influence the composition of the pool of membrane fatty acids that ultimately are the precursors of the A40926 components, as observed for teichomycin. To evaluate this hypothesis we performed the analysis of membrane fatty acids (as FAME derivatives) extracted from Nonomuraea sp. ATCC 39727 grown on medium P150 with and without the addition of 0.75g/litre of valine. The results show the presence of major peaks of linear even-carbon-acids in medium P150, whereas the addition of valine determines the relative increase in branched iso-C16:0 and iso-C18:0 acids ( Figure 3) . The ratio between iso-C16:0 and iso-C18:0 and the corresponding n-acids was 0.29 and 3.32 in medium P150 and 2.2 and 4.98 in medium P150 added with 0.75g/litre valine respectively ( Table 2 ). The marked increase in iso-C16:0 acid paralleled the increase in B0 component of the A40926 complex and the decrease of the B1 factor in the same condition, in agreement with the hypothesis of antibiotic fatty acids deriving from the membrane fatty acids.
Fermentation of Nonomuraea sp. ATCC 39727 in Rich Medium
Although a minimal medium is most suitable for physiology studies, higher production of antibiotic is usually obtained in rich media. To develop a convenient process we have added valine concentrations increasing up to 3g/litre to fermentation medium T/2. Samples were analysed for A40926 production and antibiotic complex composition. Growth was approximately estimated as Packed Mycelium Volume referred to 100ml culture (PMV%). Medium T/2 contains indeed about 5% amount only marginally affected, considering also that the medium insoluble material was partially or completely consumed to sustain the biomass production.
The addition of valine increased both the relative and absolute production of the B0 component in the A40926 complex and decreased the B1 factor, as observed for medium P150 ( Figure 2B ). The relative B0:B1 composition changed progressively from an initial 1:1 ratio in the control experiment up to 10:1 when valine was added at 3g/litre. Total production was 220%, in respect to the control, at valine concentrations ranging from 1g/litre to 3g/litre. In contrast to what was observed in minimal medium, A40926 production remained constant following the addition of valine in the range from 1 to 3g/litre concentrations, although growth was generally negatively influenced as shown in Table 3 .
Conclusions
We demonstrated that in fermentations of Nonomuraea (from 14 to 20mg/litre) was maintained in rich industrial medium (from 100 to 220mg/litre). 
